Introduction
The ideal gas thermodynamic properties: heat capacity (C~), entropy (SO), enthalpy (HO,-H~), the Gibbs energy function (Go -H~)/TJ, enthalpy of formation (6.HfO), Gibbs energy of formation (AGfO) , and logarithm of the equilibrium constant of formation (log Kj ) for six chloroethanes have been evaluated by the statistical thermodynamic method based on a rigidrotor harmonic-oscillator model. These properties are tabulated at temperatures from 0 to 1500 K and at a' pressure of one atmosphere. The procedures for selection, evaluation, and calculation of data are similar to those used in ~'Ideal Gas Thermodynamic Properties of Eight Chloro-and Fluoromethanes" by Rodgers, Chao, Wilhoit, and Zwolinski (1974) . Units, symbols, fundamental constants, and auxiliary data which were described in that review also apply to the present work. The atomic masses are H= 1.008, C= 12.011, and Cl= 35.453.
Each of these six chloroethanes has hindered internal rotation about the C-C bond in the molecule, and at least one of the rotating groups is a symmetric top. The practicality of handling the internal rotation problem when one group is symmetric formed the basis of selection of this particular set of molecule!;. Th~ internal rotation contributions to the thermodynamic properties' for each compound were calculated by use of a partition function formed by summation of the internal rot::ttion energy levels. These energy levels were obtained from an approximate solution of the Schroedinger equation using the adopted potential function V = !V3 (l-cos 30) University (Lewis et al. 1972) , was used to generate these energy levels. The input data required are the potential barrier height (V 3 ) and the internal rotational constant (F) . The value of V3 for each compound was evaluated from the adopted molecular structure and torsional frequency. The internal rotational constant F was derived from the reduced· moment (1 r) using the relationship: F = h/87T 2 cI r. The calculated internal rotation energy levels up to about 15000 cm-1 were employed for evaluation of the internal rotation contributions to the thermodynamic properties for each compound, since the contributions from energy levels higher than 15000 cm-1 to t~ese 'properties are insignificant even at the highest temperature, 1500 K, of the present tables. Since the maximum number of reliable energy levels which can ~egenerated by Laane's computer program is about 150, and for 1,1,1,2-tetrachloroethane the highest energy level calculated' by his computer program is 7000 cm-1 , the missing levels between the highest calculated energy level and the selected 15000 cm-1 limit were evaluated on the assumption of free internal rotation in this energy range. Fur ~xalllpl~, 369 internal rotation energy levels were employed in calculations for the CH2 ClCCb molecule of which 137 levels were obtained from the computer program, and the rf~~t wp-rp-derived from a free rotation model. For the last two compounds, CHCl2 CCb and CCbCCb, because of· their large reduced moments, the calculated highest energy levels by the computer program are still below their respective potential barrier heights.· Thus, the free rotation model is no longer valid.
In order to resolve this problem, we used the semiclassical approximation of Pitzer and Gwinn (1942) for evaluation of the internal rotation contributions to THERMODYNAMIC PROPERTIES OF CHlOROETHANES 143 thermodynamic properties for the last two chloroethanes. It is interesting to note that when we used this semi-classical approximation method to calculate the internal· rotation contributions to thermodynamic properties for CH 2 CICCla, the results obtained are consistent with those derived by using internal rotation energy levels.
The basic molecular and thermochemical constants employed for calculation of the chemical thermodynamic properties for these six chloroethanes are summarized in table 7-1. The details of the selection and of the calculation procedures for each of the six chloroethanes are discussed in the following sections.
The symbols recommended in "Manual of Symbols and Terminology for Physicochemical Quantities and Units," McGlashan, Int~rnational Union of Pure and Applied Chemistry, Butterworths, London, 1970, are used throughout. Symbols used in this report, which include some additional specifications, are listed below.
Symbol
Description Units
Cp
Heat capacity at constant pressure calK-l mol-1
Enthalpy of formation of a compound. kca,lmol-1 from its elements
I:>.Hc:
Enthalpy of combustion of a compound kcal mol-1 with oxygen to yield CO2(g), H2 0(l), and other products as specified
Enthalpy of vaporization of a liquid to a kcal moI-l gas at equilibrium vapor pressure
!1Hs
Enthalpy of sublimation of a solid to a gas kcal mol-I at equilibrium vapor pressure 
Kj
Equilibrium constant of formation of a compound from its elements
H-Ho
Enthalpy at given temperature minus 'the cal mol-I enthalpy at zero K
G

Gibbs energy (G = H -TS)
cal mol-I
!1Gf
Gibbs energy of formation of a compound kcalmol-l 'fIVIU it~ delnentl5
G-Ho
Gibbs energy at given temperature minus cal mol-1 the enthalpy at zero K chemists for many years. The molecular structure of this compound was studied by electron diffraction by Bru (1933) and Beach and Stevenson (1939) and later by microwave spectroscopy by Wagner and Dailey (1954 , 1957 , Barchukov, Murina, and Prokhorov (1958) , and Schwendeman and Jacobs (1962) . The molecular structura~ parameters elucidated from four of these investigations are summarized in 2 ) by taking appropriately weighted averages of the values for the two isotopic species. The product of the principal moments of inertia (JaI81e) is obtained as 1.5281 X 10 5 Gordon and Giauque, 1948 2.7 Eucken and Franck, 1948 3.69 251 This work, 1972 be more positive by the same amount. The heat capacity
and enthalpy values would not be changed. Shimanouchi (1972) has critically reviewed the infrared and Raman data for chloroethane and assigned· a complete set of vibrational fundamentals (see table 1-2) which values have been accepted for the computation of thermodynamic properties. Different vibrational fundamentals were assigned for chloroethane by Linnett (l940), Gordon and Giauque (1948), and Sheppard (1949) . Fletcher and Pilcher (1971) measured the enthalpy of combustion of C2H5 CI (g) at 25°C to be -337.73±0.14 kcal mol-to Casey and Fordham (1951) determined the enthalpy of combustion of C 2 H 5 Cl (g) containing 90 percent by volume of H2 (g) (to ensure adequate combustion without liberation of free Ch (g) to be -341 ± 2.5 kcal mol-I at 293.15 K.
The enthalpy change of reaction I-I was measured as -17_16±O_06 keal mol-1 at S?l K hy Laf'.he:T e:t at (1956).
C 2 H 5 CI (g)+ H2 (g)= C2H6 (g)+ HCI (g).
(I-I)
The equilibrium constants of reaction 1-2 have been determined by Lane et al. (1953) (Zwolinski et aI., APIRP 44, 1972) and that for HCl was taken from TRCDP tables (Zwolinski et al., TRCDP, 1972) .
Based on the adopted molecular and spectroscopic con~tant~ fOT f:2H!;f:l (g), the: lrle:~l ga!; thermorlynamie functions, C~, S°,. -(Go-H~)/T, and HO-H~, in the temperature range 100-1500 K were calculated by the statisticq,l thermodynamic method using rigid-rotor and harmonic-oscillator approximations. From the selected tlHfO(C 2 H 5 CI, g, 298.15) and the enthalpy (HO-Hg) and Gibbs energy function [-(Go -Hg)/TJ for C (graphite), H2 (g), CI (g) (see Rodgers et al., 1974) , and C2H5CI (g) (from table 1-5), the values of tlHfo, /lGfo, and log K f in the same temperature range as the other thermodynamic functions were evaluated. The results are given in table 1-5. Comparison of calculated and experimental heat capacity and entropy data for C 2 H5CI (g) is listed in value reported by Senftleben and Gladisch (1949) is higher than the present value by 0.2 cal K-l mol-1 at 313.15 K. Gordon and Giauque (1948) measured the low temperature heat capacities of crystal and liquid chloroethane in the temperature range 15 ~ 285.37 K. Based on S~!l (Debye extrapolation) = 0.50 cal K-l mol-I. aH~(134.80 K)= 1.064 kcal mol-I, and aH~(285.37 K)= 5.892 kcal mol-I, the third law entropy of C 2 H s CI (g) was evaluated as 65.31±0.I"cal K-I mol-I, which is in good agreement with the value 65.26 cal K-I mol-l obtained in this work. The two observed entropy values at 500 K were derived from the reported equilibrium data by the second law method. The calculated entropy is consistent with the average value of these two data points. Howlett, 1955 3. l,l-Dichloroethane
The molecular structure of l,l-dichloroethane has been studied by electron diffraction Danford, 1954; Danford and Livingston, 1959) and microwave spectroscopy (Flygare, 1964) . Their reported results are listed in table 2-1. Some structural parameters are still undetermined. The structure proposed by Flygare (1964) was adopted.
The infrared spectrum of 1,I-dichloroethane has been observed by Emschwiller and Lecomte (1937) , Thompon ann Torkington (l94S, 1 946), naa~~h pt at (19S4), and Durig et al. (1971) . In addition, the Raman spectra of this compound were investigated by Pestemer (1930 Pestemer ( , 1931 , " Cleeton and Dufford (1931) , Kohlrausch and Koppel (1934, 1935) , and Bishui (1948) . Daasch et al. (1954) assigned 16 fundamental vibrational wavenumbers for CHaCHCb (g) and reported the two missing values for th~ complete vibrational assignment, JJ12=2990 cm-I and JJls=239 cm-I , from the Raman spectrum of CHaCHCb (1). (See table 2-2 for aBased on Durig et al. (1971) .
details.) Allen et al. (1967) have studied the far infrared and Raman spectra of CH 3 CHCb (1 and g). They assigned three new wave numbers , 275, 318, and 406 em-I. for CH3 CHC12 (g) and a torsional wavenumber.
VlS= 222 em-I, which was obtained from the Raman spectrum of liquid 1,1-dichloroethane. The torsional wavenumber, 239 em -1, reported by Daasch et al. (1954) , was not observed by them. Durig et al. (1971) have investigated the infrared spectrum of CH 3 CHCb (g) in a 10-m variable-path-Iength cell. A weak band that appeared at 231 cml in the spectrum was assigned as the methyl torsional mode. They also studied the infrared spectrum of CH 3 CHCl 2 (c) from 140 to 400 cm-1 and observed the torsional mode at 232 em -I.
Based on a neutron inelastic scattering study, Brier et al. (1971) assigned it to the torsional mode for the gas as it was similar to the 298 ± 10 em -1 torsional band reported earlier by Brier (1970) for liquid 1, I-dichloroethane. Recently, Durig et al. (1972) recorded the infrared spectra of gaseous and solid CH 3 CHCb and CD 3 CDCh. The corresponding Raman spectra of the gases and liquids have also been recorded and depolarization values have been measured. The internal torsional mode was observed at 196 cm-1 in the infrared spectrum of CD3 CDC12 (c). From the expected shift factor of 1.414 with deuteration, they estimated the torsional fundamental for CH3 CHCb as 277 em-I. This assignment leaves unexplained the band at 232 em -1 reported previously. According to Durig et al. (1972) , the most reasonable explanation seems to be that it arose, from an impurity in the sample used in the previous investigations.
Based on VlS= 231 and 277 em-I, the corresponding internal rotation barrier heights were deriVf~d to he 3.54 and 4.89 kcal mol-I, respectively. As the latter valu~ seems unreasonably high, the torsional vibrational mode VlS= 231 cm-1 (Durig et al., 1971) Flygare(1964) calculated the'three principal moments of inertia of the isotopic species CH 3 CH35,35Cb and CH 3 CH35,37C1 2 directly from the observed rotational constants A, B, and C. We assumed that the corresponding moments of inertia of the CH 3 CH37,37C1 2 species could be estimated by addition of the differences in lA, IB' and Ie between CH 3 CH35,37C1 2 and CH 3 CH35,35C1 2 species to those for the CH 3 CH35,37C1 2 species. From the reported three principal moments of inertia for CH 3 CH35,35Cb and CH 3 CH35,37C1 2 and those estimated values for CH 3 CH37,37CI 2 , the three principal moments of inertia of 1,1-dichloroethane natural isotopic mixture were evaluated to be: IA = 78.8154 u.A 2 (or .1.30875 X 10-38 g cm 2 ), IB= 159.239 uA.2 (2.64421 X 10-38 g cm 2 ), and le=224.623 u.A 2 (3.72993 X 10-38 g cm 2 ). The product IAIBle is 2.81913 X 10 6 u 3 .A 6
(1.29078 X 10-113 ' g3 cm 6 ), which was adopted for thermodynamic calculations in this study.
Based on the selected structural parameters for 1,I-dichloroethane given in table 2-1, the value of method. For the reaction 2-1, the value aU~=3005.9 cal g-l was reported CH 3 CHCb (l)+2!O2 (g)=2CO~ (g)+H 2 0 + 2HCl (600 H20).
(2-1)
This au~ value was recalculated as -3004.4 cal g-l or -297.32 k~al mol-1 (see Rodgers et aI., 1974 , for details) ~hich leads to aH~=-297.61 kcal mol-I for CH3CHC12 (I). From this data, one ca1culates aHjO(CH3CHCb, I, 298.15)=-38.45 kcal mol-I, using auxiliary data for CO 2 (g), H 2 0 (I), and HCI . 600 H 2 0 from Wagman et aI.
(1968). Li and Pitzer (1956) The reduced moment of inertia (/r) for internal rotation for 1,I-dichloroethane was evaluated as 3.158 UA2 (or 5.24.~ X 10-40 g ~m2)? hased on the selected molecular structure as shown in table 2-1. From the torsional wavenumber, 231 em-I, and the above value of Ir, the internal rotation barrier, V 3 , was derived as 3.545 kcal mol:-t, which is in excellent agreement with the value 3.550 ± 0.450 kcal mol-1 obtained by Li and Pitzer (1956) from the experimental third law entropy. By use of the method described in ~he introduction, 110 internal rotation energy levels below 16660 cm-1 were generated. These energy levels were employed for the computation of the intelnal luLaLiuu l;UllLributions to the thermodynamic properties. Smith et al. (1953) determined the energy of combustion (aUl') This leads to ~HjO(CH3CHCI2' g, 298)=-31.09± 0.2 kcal mol-l, Lacher et al. (1967) determined the enthalpy of reaction 2 -2 at 250 0 C and obtained ~H~(523 K) = -34.65 ± 0.12 kcal moI-I '
Adopting heat capacity data for H2 (g) and HCI (g) from TRC Data Project Tables (Zwolinski et -31.1 molecular structure of this molecule was determined by electron diffraction (Beach and Stevenson, 1939; Coutts and Livingston, 1953) and microwave spectroscopy (Ghosh et a!., 1952; Holm et al., 1968) . Holm et al. evaluated the complete set of molecular structural parameters for eH3 CCl3 (g), and their values were adopted. The reported molecular parameters for The low temperature heat capacities (14.17 to 294.26 K), melting point (176.18 K), and enthalpies of fusion (1881 cal mol-I) and vaporization (7409 cal mol-lilt 293 K) have been determined by Li and Pitzer (1956) . From these data, they calculated the entropy at 293 K as Raman or the infrared spectra, the value 214 cmt was derived from the combinations of this mode with the fundamentals of E symmetry. However, the combination bands 135, 154, and 172 em -1 observed by Pitzer and Hollenberg (1953) were not found in· the far infrared spectrum by Fateley and Miller (1963) and Durig et al. (1971) : therefore. the value V6 214 cm-1 was not accepted. Durig et al. (1971) have investigated the far infrared and Raman spectra of solid CH 3 CCi1 and CD3CCi1, hoping to resolve the conflicting results obtained for the· torsional fundamental and the barrier to internal rotation in 1,1,1-trichloroethane. From the spectra obtained, they found a relatively sharp band at 290 cm-1 in the infrared spectrum of CH 3 CCi1 (c) and the band shift to 206 cm-I with deuteration. The shift factor of 1.41 is in excellent agreement with the theoretical value of 1.414 predicted by the Teller-Redlich product rule. By assuming that the shift for solidification is within the same range as that found for ethane, chloro- From v6=278 cm-t and Ir=3.196 uA z , the barrier height for internal rotation was calculated to be V3 = 5.08
. kcal mol-to This value is much higher than the values predicted from thermodynamic (Rubin et aI., 1944) and microwave (Holm et aI., 1968) studies. Table 3 -3 presents a comparison of the various reported values for V3 and V6 for CH 3 CCi1 "(g). Nevertheless, the present V3 value is consistent with those obtained by Rush (1967) and Stejskal et aI. (1959) . By use of the method described previously, 112 internal rotation levels up to 17300 cm-1 were generated.
The enthalpy of combustion (reaction 3-1) for 1,1,1-trichloroethane (I) at 298.15 K has been determined as the auxiliary data for CO2 (g) and Hel· 600 H 2 0 were taken from Wagman et al. (1968) .
The thermodynamic functions were calculated from the selected data in the rigid-rotor and harmonicoscillator approximations. The results are presented in table 3-6. Rubin et al. (1944) measured the low temperature heat capacities (12.29 to 299.59 K), the temperatures of transition (224.20 ± 0.03 K) and melting (240.2 ± 0.5 K), enthalpies of transition (1786 ± 2 cal mol-l), melting (450 ± 300 cal mol-1 ," a rough value) and vaporization (7962 ± 12 cal mol~l at 286.53 K) for CH 3 CCh. Employing 5 15 = 0.851 cal K-l mol-1 (Debye extrapolation), they· evaluated the entropy of the real gas at 286.53 K and 76_86 torr as 80.755± 0.16, and the entropy for ideal gas at 286.53 K and 1 atm as 76.22± 0_16 cal K-1 mol-1 . For corrections to the entropy of the ideal gas at 286.53 K and 1 atm, the following values were used: ~S (gas imperfectioil)= 0.002 and ~S (correction to 1 atm)= -4.553 cal K -1 mol-1 • From the present statistical thermodynamical calculation, the value of S~86.53 is 75.62 cal K-1 mol-1 , which is lower than the third law entropy value by about 0.6 cal K-1 mol-1 at 286.53 K and 0.5 cal K-1 mol-1 at 298.15 K (see table 3-6). Because of the uncertainties involved in the measure- ments by Rubin et al. (1944) on the melting point and the enthalpy of melting for CH 3 CCIa (c), these discrepancies in entropies may not be real. In order to resolve this inconsistency, a redetermination of the third law entropy fo! CH 3 CCh (1) at 298.15 K by use of modern high precision low temperature calorimetry seems necessary.
1,1,1 ,2-Tetrachloroethane
The molecular structure of 1,1,1,2-tetrachloroethane (CH2 CICCI~) has not been reported in the literature. The bond distances and angles used for calculations were estimated on an assumption that the structures of CH2 CI and CCb in the CH2 CICCb molecule are similar to those of the corresponding groups in CH 3 CH 2 Cl and CCbCCh. The C-C bond distance was estimated' as the average of the C-C bond lengths in chloro-and hexachloroethanes. These' estimated values are listed in table 4-1. Based on this molecular structure, the three The infrared absorption spectrum of CHzCICCla in the gaseous and liquid states has been observed by Bernstein (1950) and Nielsen, Liang, and Daasch (1953) . Complete assignments of fundamental vibrational modes were made. Allen and Bernstein (1954) and Allen, Brier, and Lane (1967) studied the far infrared and Raman spectra of CH2CICC1 3 (1) and assigned vibrational fundamentals close to those reported by Nielsen, Liang, and Daasch (see table 4 --2). The infrared spectrum of CH 2 CICCb (I) has also, been. obtained by -Silver and Wood (1963 ), Bolleter (1964 ), and Chanal et al. (1967 . Plyler and Acquista (1956) reported three bands at 114, 122, and 157 cm -1 in the infrared spectrum of CH 2 CICCh (g). The Raman spectrum of; 1,1,1,2-tetra-chloroethane in the liquid state has also been reported by Gerding and Haring (1955) and Barrett and Tobin (1966) . The selected values of vibrational fundamentals are shown in table 4-2 in which several more recent assignments are summarized for comparison.
The internal rotation contributions to thermodynamic. properties were computed using 369 internal rotation levels up to 14994 cm -I. These levels were generated with V3= 10.38 kcal mol-1 and Ir=40.28 uA:2. It is interesting to mentiqn that the thermodynamic functions Allen, Brier, and Lane (1967) and 12.4 kcal mol-1 by Silver and Wood (1963) . Allen, Brier, and Lane (1967) These results suggest the usefulness of Pitzer's semi-classical approximation method in cases when it is impractical to calculate the full set of internal rotation levels. Such situations arise, for example, in molecules like the pentachloro-and hexachloroethanes, which have high V3 and Ir values.
The enthalpies of formation for CH 2 CICCIa in the liquid and gaseous states have not been measured.
The value of aHfO(CH 2 CICCI 3 , g, 298.15) for the present work was estimated by a variable increment method. From IlHfO(g, 298. 15)=-34.0, -26.8, and 
Then we refined the derived value by addition of a correction called the configuration energy (Benson et al.,.1969 ), E conf ' The .Econf value for C2CIs was derived By use of the above selected data, the thermodynamic functions for 1,1,1,2-tetrachloroethane (g) were evaluated. The results are presented in table 4-4. There are no third law entropies, vapor heat capacities, or equilibrium data available in the literature for checking the calculated values.
Pentachloroethane
The molecular structure of pentachloroethane (CHCbCCI 3 ) has not been reported in the literature. The molecular parameters used for calculation of the moments of inertia were estimated based on an assumption that the structural parameters for the CCb and the CHCb group in CCbCHCb are similar to those of the corresponding groups in the CzClo and CHaCHClz molecules. Employing the adopted structural parameters, as listed in table ~ 1, the three principal moments of inertia were calculated to be: IA =429.6 uA. 2 (or 7.133 X 10- The internal rotation reduced moment (IT) was obtained as 105.1 uA. 2 (or 1.745 X 10-38 g cm 2 ). Morino, Yamaguchi, and Mizushima (1944) studied the molecular structure of peritachloroethane by electron diffraction. Allen, Brier, and Lane (1967) observed the infrared and Raman spectra of pentachloroethane in the liquid and gaseous states and assigned vibrational fundamentals. Vibrational assignments were also reported by Allen and Bernstein (1954) , Neilsen, Liang, and Daasch (1953) , and Blaine (1963). Their results are summarized in table 5-2 in which the selected fundamentals for pentachloroethane (g) are also listed for comparison. The infrared spectrum of this compound has been observed by Chanal et al. (1967) , Bolleter (1964) , Plyler and Acquista (1956) , Thompson and Torkington (1945) , Vierling and Mecke (1936) , Stair and Coblentz (1935) , and Timm and Mecke (1935) . Its Raman spectrum was investigated by Gerding and Har· ing (1955), Gerding and Rijnders (1946) , Mizushima, Morino, Kawano, and Otai (1944) , and Bonino and Brilll (1929) .
Based on the adopted values for the torsional fundamental (VIS) and Jr , we calculated the potential barrier height for internal rotation (Va) as 14.43 kcal mol-I.
Tahle 5-3 summarizes the values of V3 and Ir reported in the literature for pentachloroethane (g). The internal rotation contributions to thermodynamic functions were evaluated by use of the semi-classical approximation method suggested by Pitzer and Gwinn (1942) .
The enthalpy of vaporization was calorimetrically determined by Eftring (1938) , and his result was used by Kirkbride (1956) for calculation of .1HfO (C 2 HCl; ; , g, 298.15) . In the absence of better data, Eftring's value was adopted for calculation. The vapor pressures of pentachloroethane (1) have been determined by Nelson (1930, 298.3-435.4 K) , Herz and Rathmann (1912, 342-431 K) , and Staedel (1882, 411.2-449.3 K) . We tried to use these data points for fitting to an Antoine equation and found that these three sets of vapor pressure measurements were not consistent. Using the derived Antoine constants, we calculated the enthalpy· of vaporization at the boiling point (433.68 K) Since there was no other tlH fO value available for pentachloroethane (g), this value was adopted. Allen, Brier, and Lane, 1967 85±1.5 Blaine, 1963 9 65 Luft, 1955 82 Allen and Bernstein, 1954 85 Nielsen, Liang, and Daasch, 1953 14.43 85 This work, 1972 gaseous state in the temperature range 100 to 1500 K were calculated by use of rigid-rotor and harmonicoscillator approximations. The results are presented in 
Hexachloroethane
The molecular structure of hexachloroethane (CChCCI 3 , g) has been determined by electron diffraction by many investigators (Morino and Kimura, 1947; Hassel andViervoll, 1947; Morino and Iwasaki, 1949;  Morino and Hirota, 1958; and Almenningen et al., 1964) . The structural parameters reported by the more recent investigators are listed in table 6-1. Those given by Almenningen et al. were adopted for the present work. Incomplete vibrational assignments were made for CChCCb (g) from Raman spectra by Hamilton and Cleveland (1944) , Gerding and Haring (1946) , and Mizushima et aL (1949) . The infrared spectrum· of hexachloroethane has been observed by Hirota (1958) , Carney et aL (1961 ), Bolleter (1964 , Watari and Aida (1967) , and Chanal et al. (1967) from which vibrational fundamentals were derived and reported. Recently, Shimanouchi (1972) has critically reviewed the infrared and Raman spectral data and assigned 12 fundamentals for CCliCCIa (g). (See table '6-2 for numerical values.) His assigned values were adopted here, except the value of V4 (torsion) which was given at 61 em -1.
, Using this value, V4 = 61 em-I, we calculated the internal rotation potential barrier, 10.4 kcal mol-1 , for the hexachloroethane molecule. This Vs value seems low compared to our adopted V3= 14.43, kcal mol-1 for CHC12CCl3 (g) which has only 5 Cl at.oms in the molecule and might be expected to have a lower barrier than CCbCCl3 (g). Allen et ai. (1967) reported the torsional mode as 79 em -1 and V3 = 17.5 kcal mol-1 based on a private communication from Shimanouchi; however, in his recent work" Shimanouchi (1972) selected 61 em -1 as V4-for CCl 3 CCl 3 (g). Due to inconsistency~ neither 61 nor 79 cm-1 was accepted.
Karle (1966) presented a method for determining the barrier height for hindered internal rotation from electron-diffraction data. His reported value of 14.7 kcal mol-1 , which was based on a structure consistent with our selected molecular structure, was adopted in this work. From V3 = 14.7 kcal mol-1 and a reduced moment for internal rotation, Ir= 146.95 u.A 2 , the torsional fundamental (V4) was derived as 73 em -I. Because of the high barrier height and'large reduced moment for internal rotation for CClsCCls (g), the cuutriLUliuws Lu Lhe LlienllutlynClm!c [UHCLiuUlS have been calculated using the semi-classical approximation of Pitzer and Gwinn (1942) . Other values of V3 and V4 reported in the liter:Hnre aTe snmmarized in t~ble 0-3_
The vapor pressures of hexachloroethane (c, 1) have been measured by Lee (1935, K), Ivin and Dainton (1947, 286-447 b Calculation based on a molecular structure determined by Morino and Hirota (1958) .
C Calculation based on a molecular· structure determined by Swick et aL (1954) . 
Comparison
The calculated values of C~, So, and AHfo at 298.15
and 700 K are compared with those reported in the other major compilations in tables 7-2 and 7-3. The minor differences are probably due to the use of different molecular, spectroscopic, and thermochemical data for evaluation of these properties., see table 1-2  see table 2-2  see table 3-2  see ta.ble 4-2  see table 5-2  see table 6-2 Enthalpy of formation at 298. 15 -26.83 -31.10 -34.01 -35.7 -34.80 -33 .20 K, kcal moI-l *Total symmetry number = external symmetry number X internal symmetry number (symmetry number of the rotating top). 
